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ABSTRACT

Improving strength and power in the athlete who is being rehabilitated is a central focus of the sports
physical therapist, particularly in the terminal phases of rehabilitation where the emphasis shifts to readi-
ness to return to sport and sports performance enhancement. High load strength training and power train-
ing through plyometric exercises are two key components of performance enhancement programs.
A current concept in the strength and conditioning literature that is relatively unknown in sports physical
therapy is postactivation potentiation (PAP). Even though we have limited data and there may be limited
application of the concept of PAP for the sports physical therapist, awareness of this phenomenon is impor-
tant nonetheless. The purpose of this clinical commentary is to introduce the sports physical therapist to
the concept of PAP.
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INTRODUCTION

In the terminal phases of rehabilitation, the focus
of rehabilitation tends to shift from restoration of
impairments and functional limitations to return to
sport and improving athletic performance. Once
effusion has been minimized or eliminated, range of
motion and strength have been restored, and the ath-
lete has successfully completed a functional progres-
sion, specific return to sport activities commence in
order to maximize performance potential. Prior to
unrestricted participation in sports, improvements
in an athlete’s strength, power, and speed are com-
mon goals for the sports physical therapist which are
important to address in the rehabilitation plan. Dur-
ing this stage, there is often collaborative effort
between strength and conditioning staff as well as
the athletic training staff due to the transition from a
mindset of rehabilitation to that of return to sport
and sport-specific performance. Therefore, it is imper-
ative that the sports physical therapist be familiar
with terms and training methodologies that may be
implemented during this stage of rehabilitation.

Several methods exist to increase strength and power
in the athlete. Strength is the ability of the muscle to
exert force or torque at a specified or determined
velocity,! while power is defined as work per unit of
time (force times distance divided by time) or as force
times velocity (distance x time).! Traditional weight
training with relatively heavy loads (80-90% of 1 RM)
for relatively few repetitions (4-8 repetitions) has
shown the ability to improve an athlete’s strength and
is reported to enhance power to a greater extent than
light loads.*? Plyometric training alone has been advo-
cated as a means to improve muscular power and rate
of force development (RFD) as compared to tradi-
tional weight training techniques, leading to improve-
ments in dynamic athletic performance such as
sprinting and jumping. Advocates have stated that
plyometrics are a potential method used to bridge the
gap between strength and power training methods.*
Rate of force development is the rate at which strength
increases, or the rate at which force can be produced.®
RFD is the single most important neural adaptation
for the majority of athletes.® Training programs dedi-
cated to the development of power require both high-
force training and high-quality power movements in
which time and the rapidity of movements play a
vital role in the quality of the exercise.”

Recently, a concept known as post-activation potenti-
ation (PAP) has surfaced as a means to maximize
acute power development in athletes. While it is not
known yet at this time if there are any positive
affects other than an acute increase in power, if the
concept is more appropriate than using plyometrics
alone, or if'it has any application in sports rehabilita-
tion, it is nonetheless important that the sports
physical therapist be familiar with the term as well
as the concept behind its application. The purpose
of this commentary is to introduce the reader to the
PAP concept which is common in strength and con-
ditioning literature, but a likely unknown in sports
physical therapy. Given that the sports physical
therapist is often actively involved in the long-term
training regimens of athletes, an understanding of
the concept is warranted.

POST-ACTIVATION POTENTIATION

Originally defined by Robbins,® PAP is a phenomenon
by which the force exerted by a muscle is increased
due to its previous contraction. Post-activation poten-
tiation is a theory that purports that the contractile
history of'a muscle influences the mechanical perfor-
mance of subsequent muscle contractions. Fatiguing
muscle contractions impair muscle performance, but
non-fatiguing muscle contractions at high loads with
a brief duration may enhance muscle performance.’
The peak torque of an isometric twitch in skeletal
muscle is transiently increased after a brief maximum
voluntary contraction.'®" Thus, PAP is the increase in
muscle force and rate of force development (RFD)
that occurs as a result of previous activation of the
muscle,'*!'® as well as the force and power of evoked
high velocity shortening contractions, and the maxi-
mum velocity attained by evoked shortening contrac-
tions under load. In other words, excitation of the
nervous system produces an increase in contractile
function due to a heavy load conditioning stimulus.!*
The most common indicator of PAP is increased
evoked isometric twitch force observed following an
evoked isometric tetanic contraction.!?

PAP is typically induced from maximum voluntary
contractions, but has also been induced by velocity-
controlled maximal voluntary concentric and eccen-
tric contractions, as well as induced by submaximal
isometric contractions.’”? In a set of weightlifting
exercises, the alternating submaximal concentric
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and eccentric contractions may induce PAP, but the
presence and extent of PAP produced by weight lift-
ing exercise has not been determined.!?

There are two proposed mechanisms of PAP. The first
is the phosphorylation of myosin regulatory light
chains, which renders actin-myosin more sensitive to
calcium released from the sarcoplasmic reticulum dur-
ing subsequent muscle contractions.'*!*'” As a result,
the force of the each successive twitch contraction is
increased. The second is that strength training prior to
plyometric exercises causes increased synaptic excita-
tion within the spinal cord, which in turn results in
increased post-synaptic potentials and subsequent
increased force generating capacity of the involved
muscle groups.'® The most important muscle charac-
teristic affecting the magnitude of PAP is fiber type,
with the greatest potential for enhanced PAP in mus-
cles with the highest proportion of Type II fibers.!>!92
Further, PAP is greater in muscles with the shortest
twitch contraction time.!”'%?4# Based on muscle fiber
type, athletes who perform in maximal intensity activ-
ities that depend on Type II muscle fibers (i.e. sprint-
ing, weightlifting, throwing, jumping) would also show
the greatest PAP in muscles involved in their sports
performance.”

A method that the sports physical therapist can use
to implement the concept of PAP for potential acute
increases in power is through utilization of complex
training. Complex training alternates biomechanically
similar high-load weight training with plyometric
exercises, set for set, in the same workout.? Essen-
tially, complex training involves pairing a high force
activity with a high power activity. For example, the
athlete may perform a high-load back squat followed
by a countermovement jump or box jumps.

There is evidence supporting the utilization of com-
plex training,*?% although there is also evidence
suggesting otherwise.” At this time however, to the
author’'s knowledge, there are no studies utilizing
complex training in rehabilitation, nor is the scien-
tific community certain that complex training impacts
PAP or if it is simply a natural, acute phenomenon in
the muscle. Sale has argued that PAP is more of a
muscle phenomenon than something that can be
trained or altered. It may be something that is simply
an observation rather than something that can be

used in training of an athlete." Previous studies using
PAP have been performed on healthy, trained ath-
letes. Comyns et al*® found that repeated exposure to
complex training improved sprint performance in
uninjured rugby players. Santos and Janiera® found
that complex training significantly improved squat
jump, countermovement jump, medicine ball throw,
and the Abalakov agility test (a 4x10-m agility test and
a maximal vertical jump test) in young, uninjured
male basketball players. Low- and high-load complex
training was investigated by Matthews and others*
in basketball players’ ability to perform a push-pass.
Authors of the study suggest that high loads are
needed to elicit a potentiation effect, and therefore
loads nearing 85% of 1RM should be used to facilitate
short-term power increases.?

A more recent study by Mitchell and Sale'? sought to
determine if weight lifting induces PAP, indicated as
potentiation of muscle twitch force. Researchers tested
whether a five-repetition maximum (5-RM squat) both
induced PAP and increased height of subsequently
performed counter-movement jumps (CMJ). Subjects
did five sets of CMJ both before and four minutes after
one set of barbell back squats done with a 5-RM.
Researchers observed a 2.9% increase in CMJ height
four minutes after a 5-RM squat. This increase in CMJ
was a significant enhancement of jump performance.
These authors were the first to test the assumption that
a weight lifting exercise induces PAP. Ultimately, the
researchers concluded that PAP may have contributed
to the increase in CMJ height, but the correlation
between the magnitude of PAP and the percentage
increase in CMJ height was not significant.

DISCUSSION

Clearly, much more information is needed on the con-
cept of PAP before definitive conclusions can be made
about its application as an actual training method or if
it is simply a muscle phenomenon that causes an
acute increase in power. More importantly, it is not
known if it is appropriate for the recovering athlete
due to the high loads used in both the high-load
strength exercise as well as in the high-intensity plyo-
metric exercises. The challenge for the sports physical
therapist is to safely and effectively determine the
load to use to utilize this concept appropriately. One-
repetition maximum (1 RM) or a percentage of 1 RM is
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often used as the standard upon which to base the load
used in strength and conditioning programs and litera-
ture, however, this 1 RM is being determined in healthy
athletes. It is generally accepted that determining
1 RM in a recovering athlete is contraindicated because
maximal efforts may cause a deleterious effect on
healing or lead to further injury. Therefore, estimates
of 1 RM or a 6 RM may be more appropriate. Several
methods exist to potentially help the sports physical
therapist provide adequate stimulus to obtain a PAP
effect. The DeLorme technique,® the Daily Adjusted
Progressive Resistance Exercise (DAPRE),* and the
Oddvar Holten Diagram? exist to provide a structured
method to estimate load without performing a 1 RM.
Furthermore, because the loads tend to be greater
than 85% of 1 RM with the use of Olympic lifting bars
or machines, equipment availability can also be a con-
cern for the sports physical therapist. Olympic lifting
requires Olympic bars, bumper plates, and extra space
and resources that may not be available or in the bud-
get. Furthermore, there is a tremendous learning
curve with these movements.

Figure 1. High load step ups.

For the sports physical therapist training the recover-
ing athlete, the PAP concept may be most appropri-
ately applied during functional training. The sports
physical therapist could consider performing high-
load leg presses early in a training session and then
perform plyometric training exercises towards the end
of the session in order to attempt to utilize the PAP
concept. One could also use high load resistance activ-
ites prior to performing functional testing, in order to
maximize performance in such tests as the single leg
hop for distance, triple jump, 6 M timed hop, or verti-
cal jump testing. However, it is not known if the short-
term effects are carried over to future training sessions
or if there is a long-term benefit. Plus, if short-term
benefits were obtained from using the concept of PAP
during functional testing, the sports physical therapist
may not gain an accurate assessment of current sta-
tus. Again, at this time, the above information is purely
speculative.

If the sports physical therapist were to utilize this con-
cept clinically, one possibility may be in helping to

Figure 2. Walking lunges with dumbbells.
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Figure 3. Single leg dumbbell squat.

facilitate acute power increases in a unilateral lower
extremity injury. Assuming a unilateral lower extrem-
ity condition (i.e. status post ACL reconstruction), the
sports physical therapist may have the athlete per-
form exercises such as high-load step ups (Figure 1),
walking lunges with dumbbells (Figure 2), single leg
dumbbell squats (Figure 3), or utilize the single-leg
press. These may be advocated over back squats or
front squats because they enable the athlete to have
unilateral emphasis to assist in the attempt to equalize
strength among the extremities. Neitzel et al** revealed
that it can take several months after an ACL recon-
struction to distribute weight evenly on both feet.
Lunges, step ups, and single leg press may help miti-
gate the decrease in weight-bearing that may exist on
the involved limb. To maximize strength, no more
than 4-8 repetitions should be performed.?* Following
the strength exercise, the athlete may then perform
split jumps (Figure 4), box jumps, single leg counter-
movement jumps from a step or box (Figure 5), or sin-
gle leg vertical jumps (Figure 6) for up to 6 repetitions.

Figure 4. Split jumps.

Although based entirely on author opinion, resistance
should begin with body weight to ensure appropriate
technique is maintained and that the athlete has no
subsequent effusion or pain. Based on studies using
the concept of PAP, it is not currently advocated to
perform the plyometric exercise with an external load.
At this time, the author cannot support or repudiate
this approach. Intuitively, in the rehabilitating athlete,
bodyweight is most appropriate to limit risk of further
injury and to ensure proper mechanics.

Rest periods between the strength exercise and the
plyometric exercise in the available literature have
been the topic of debate, but it appears that most
benetfit is obtained when at least an 8-12 minute rest
period is completed prior to the plyometric exercise
when performing it in a complex training format.*
A prolonged rest period with no activity is not practi-
cal for the sports physical therapist in most settings,
and performing explosive exercises in a state of
fatigue may impair performance.**
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Figure 5. Countermovement from step.

Table 1. Sample method for implementing PAP Concepts

Resistance Biomechanically-Similar Rest Period (between resistance
Exercise Plyometric Activity exercise and plyometric exercise)
Single Leg Single Leg Vertical Jump 4-8 minutes, based on load or %RM
Press 4 x 3 cach leg

4x6-8

Walking Split Jumps 4-8 minutes, based on load or %RM
Lunges 4 x 3 each leg

4 x 6 each

DB Step Ups Single Leg Countermovement | 4-8 minutes, based on load or %RM
3 x 6-8 cach Jump

leg 3 x 3 each

The reader is referred to Table 1 for a sample work-
out utilizing PAP. It should be noted that both the
table and the above suggestions are purely specula-
tive. Note that resistance load (% RM) is not given
and must be determined for each athlete. Clearly,
further research is warranted in this area, particu-
larly in the recovering athlete. Future research should
determine appropriate rest periods between the
strength and plyometric exercises, the appropriate
load, and whether or not training history affects these
variables.

Figure 6. Single leg vertical jump.

CONCLUSIONS

Increasing strength and power production is a com-
mon goal for sports physical therapists. Postactiva-
tion potentiation is one of many concepts that exist
that have shown promise in healthy, trained athletes
to help improve acute increases in strength and
power, although at this time, its application for the
rehabilitating athlete is limited. Additionally, it is
not known yet whether or not prolonged effects are
realized or if it is purely an acute phenomenon.
Although more research is needed both on healthy
and recovering athletes, it is important that the
sports physical therapist be cognizant of this unique
training methodology in order to potentially provide
optimum stimuli for return to athletic performance.
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